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Abstract-Direct torque control (DTC) is one of the most excellent control strategies of torque control in
induction machine. It is considered as an alternative to the field oriented control (FOC) or vector control
technique. These two control strategies are different on the operation principle but their objectives are
the same. They aim to control effectively the torque and flux. Torque control of an induction machine
based on DTC strategy has been developed and a comprehensive study is present in this project.
In the paper, a novel technique for the direct torque control (DTC) of an induction motor is proposed,
which overcomes the trouble of high torque ripple afflicting the conventional DTC technique. With the
novel technique, the inverter voltage vector selected from the switching table is applied for the time
interval needed by the torque to reach the upper (or the lower) limit of the band, where the time interval
is calculated from a suitable modeling of the torque dynamic By this approach, the control system
emulates the operation of a torque hysteresis controller of analog type since the application time of the
inverter voltage vector is dictated by the allowed torque excursion and not by the sampling period. In this
project we are use three techniques.
Keywords- Direct torque control, induction motor drives switching table, inverter voltage vectors, and
torque ripples reduction
I. INTRODUCTION
In past years direct torque control has been proved
to be a powerful method for controlling induction
motors. Because of its fast behavior (due to the
closed-loop control of the motor flux and torque by
hysteresis controllers).Its simple structure (due to
the lack of the current loops and shaft sensor) and
its robustness (due to the use of the stator resistance
only in control algorithms).How ever, the
application of the same voltage command for the
whole sampling period causes a torque ripple,
Which in steady state is much greater than the
customary band used for the hysteresis torque
controller. This mechanism has been analyzed in[2]
by kang and Sul.In an attempt to reduce the torque
ripple, thesame authors have proposed switching
the inverter feeding the motor from active to a zero
voltage vector in each sampling period and to
calculate the switching time in order to minimize
the rms value of the torque ripple [4].
A Completely different approach to reduce the
torque ripples has been pursued by an other
authors. It consists of replacing the hysteresis
torque and flux controllers with proportional-
integral (PI) regulators and voltage modulators.
Thus eroding the simplicity of the scheme. This
further arrangement reduces even more the torque
ripples and keeps it definitively with in the band
limits. Afterwards the technique is extended to
complete with a hysteresis torque controller having
narrow or zero bands. And the characteristics of the
proposed technique are measured and compared to
those of the conventional DTC Technique. In detail
the average torque error, the rms value of the
torque ripple and the inverter switching frequency
are determined for different values of the stator
flux angular speed and hysteresis bands of both
torque and flux controller.
Figure 1: DTC drive scheme
Figure 2: inverter voltage vectors and sextants
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II. DIRECT TORQUE CONTROL
The scheme of a DTC drive is drawn in fig 1.It
operates as follows: The diagram consists of
hysteresis controllers, switching table, inverter
voltage vectors and induction motor. The stator
flux and torque references are compared to the
actual values obtained by the estimator .Torque and
flux calculator block is used to estimate the motor
flux α, β components and electromagnetic torque.
This calculator is based on the motor equations. α,β
vectors block is used to find the sector of the α,β
plane in which the flux vector lies .the α,β plane is
divided in to six different vectors spaced by 600 .
The flux and torque block contains two level of
hysteresis comparator for flux control and three
level of hysteresis comparator for torque control.
The switching table block contains two lookup
tables. That selects a specific voltage vectors in
accordance with the output flux and torque
hysteresis comparators. This block also provides
the initial flux in the machine. The desired initial
stator flux established before DTC drive module
begins to produce a Te.This flux is produced by
applying the constant voltage vector at the motor
terminals with the conventional DTC Technique. It
is applied to the motor to the whole sampling
period. Fig .2 shows the inverter voltage vectors
and the flux sextants in α, β stationary frame with
the axis aligned along the axis as of the phase α of
the stator.
A. Torque ripples
The behavior of an induction motor controller with
DTC is conveniently analyzed in α β synchronous
frame having the axis α fixed to the stator flux
vector. The β, α projection of v2 and v3 are
(1)
Where θi is the angle of the inverter voltage
vectors. i.e.
(2)
And өλ is the angle of the stator flux vector. Of
course, the d, q projections of V0 and V7 are zero.
DTC is usually implemented in a micro computer
and its execution takes an amount of time that
determines the sampling period of the control. For
a DTC scheme with stator flux regulated at its
nominal value, the torque change during the
sampling period can be calculated.      
(3)
Where Δτ is the torque changes are the pole pairs,
λSn is the nominal magnitude of the stator flux, and
Δiqs is the changes of the q-axis current. Equation
(3) can be readily derived from the torque equation
written in the chosen frame
(4)
At the nominal stator flux the torque
change is
(5)
By(4)itis
(6)
And its substitution in to (5) yields (3).
The term Δiqs in (3) can be expressed as
(7)
By (3) (7), and (9) both the torque and flux changes
are proportional to the sampling period.
Computation of(3) under different flux angular
speeds and load conditions leads to the torque
changes for the stator flux vector in sextant 1 and
TDTC =50µs.The changes reported as a percentage
of the nominal torque τN, are the very large and this
the high torque ripples exhibited by the
convectional DTC technique. Of course a lower
torque of TDTC would reduce the changes but
requires a powerful processor. A Part from the
expected dependence of the torque changes on θλ 
due to (1) fig, point out the great influence of the
stator flux angular speed, to a lesser extent, of the
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load. In particular at high speed the increase of the
back emf modifies substantially the torque changes
with respect to the low speed operation. the main
modifications are: 1) at the left sextant boarders
torque change produced by V3 is negative instead
of the positive, i.e. it is the opposite of the negative
demand since the net voltage (Vqi- es – Rsiqs) across
the total leakage inductance is negative. 2)
For completeness the change of the stator flux
magnitude during the sampling period are also
computed and reported. Unlike the torque the flux
changes are not influenced by the stator flux
angular speed and very little by the load (the curves
at load are not traced in the figures because they
would have been indistinguishable from those at no
load).All these effects are properly modeled by (3)
and (7) to (8).
The plots give the motor torque, obtained by the
estimator ,the inverter voltage vectors applied to
the motor .While the stator flux vector spans a
small angular interval around θλ=0.In the paper, the
hysteresis band of the torque controller is set at the
customary value of 2hτ=2%τN and that of the stator
flux controller at 2hλ=2%λSN.Moreover the motor is
not loaded so that the angular speed of the stator
flux coincides with that of the motor expressed in
electrical units .Looking at the delay of one
sampling period.
III. BAND-CONSTRAINED TECHNIQUE
The aim of the proposed technique is to maintain
the torque within the hysteresis band of the torque
controller regardless of the operating point by
applying the inverter voltage vectors selected from
the switching table for an appropriate time interval.
This technique was used to prevent the torque
ripples compare to the previous technique. To
compute the time interval (3), (7), and (8) are
utilized, Where (7) is rewritten as a function of a
generic T instead of TDTC. Since the second term (3)
and the resistance voltage drop in (7) do not
contribute appreciably to the changes, they will be
here after is regarded with the purpose of the
alleviating the computation efforts. The stator flux
angular speed, indispensable to calculate the back
EMF, is drawn from the block is ES in Fig 1 by
means of the approach described in [10)]
Two conditions take place for the torque control.
When the motor torque is below the upper band
limit and the torque rate is positive, an active
voltage vector is applied to the motor and the
torque moves toward the upper limit (condition 1).
Instead, when the motor torque is above the lower
band limit and the torque rate is negative, a zero
voltage vector is applied to the motor and the
torque moves toward the lower limit (condition 2).
The two conditions will be dealt with separately.
A. Upper limit constraint
In condition 1, the inverter voltage vector is
selected between two active vectors according to
the flux demand. The torque increment necessary
to reach the upper band limit is
(8)
From and the time interval TU required for the
motor to develop the torque Δτu is
(9)
Tu depends on the angle between the active voltage
vector and the stator flux vector, and the angular
speed of the stator flux. If TU ≤ TDTC, the active
voltage vector is applied for the whole sampling
period. Otherwise, it is applied only for Tu while a
zero voltage vector is applied for the remaining
interval of the sampling period.
B. Lower limit constraint
In condition 2, a zero inverter voltage vector is
applied to the motor. The torque decrement
necessary to reach the lower band limit is
(10)
Where results in a negative quantity. From (3) and
(7), the time interval required for the motor to
develop the torque is
(11)
Tt depends on the angular speed of the stator flux
only. If Tt ≥TDTC, the zero voltage vector is applied
for the whole sampling period. Otherwise, it is
applied only for Tt while an active voltage vector is
applied for the remaining interval of the sampling
period.
C. Narrow- band case
Let condition 1 be considered at first and suppose
that a time Tu<TDTC interval is calculated by (12),
which calls for the application of an active voltage
vector for. If the hysteresis band of the torque
controller is so narrow that the application of a zero
voltage vector in the remaining interval of the
sampling Period (TDTC-TU) pushes the torque below
the lower limit.. The control strategy can be
formulated as follows
(12)
IV. PREDICTION TECHNIQUE
Since the first development of the Direct Torque
Control (DTC) concept it has been used in many ac
drive applications. Its very simple structure, fast
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torque response and robustness against machine
parameter variations. However, a direct torque
controlled motor suffers from great torque ripples
due to the fast response of the torque. The flux and
electromagnetic torque of a motor are usually
calculated using the measured stator current. The
voltage vector is constant during the sampling
interval, while the current varies. Due to the digital
nature of the DTC control loop, there is a time
delay between the current and the voltage
measurement for the calculation of the flux, torque
and application of the voltage vector.
In fact, the calculation of the torque and the
selection of voltage vectors are based on
measurements at the beginning of the sampling
period. This delay leads to an extra torque ripple.
Some modified controllers have been proposed to
reduce the torque ripple in DTC using prediction
algorithms. The method in is based on space vector
modulation and uses a prediction algorithm to
determine the duty ratio of the voltage vectors in
the next sampling period.
Figure 3: shows the prediction technique
4.1 Graph for conventional direct torque control 
of induction Motor at 20% WN as shown in 
following figures.
Fig 4.1.1: Torque VsTime
Fig 4.1.2: Applied voltage Vs Time
Fig 4.1.3: Stator Current Vs Time
Fig 4.1.4: Hexagonal stator Flux locus
4.2 Graphs for Band-constrained DTC technique motor
Torque at 20% WN as shown in following figures.
Fig 4.2.1: Torque Vs time
Fig 4. 2.2: Applied Voltage Vs Time
Fig 4.2.3: Stator Current Vs Time
Fig 4.2.4: Hexagonal Stator Flux locus
4.3 Graphs for Band constrained Prediction 
technique at 20%WN as shown in following 
figures
Fig 4.3.1: Torque Vs Time
Fig 4.3.2: Applied voltage Vs Time
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Fig 4.3.3: Hexagonal Stator Flux locus
Fig 4.3.4: Stator Currents Vs Time
Fig 4.3.5: α-β flux Vs Time
V. CONCLUSION
The conventional DTC Technique of the torque
ripples is 6.2 N-M. The Band constrained DTC
Technique is 4 N-M.and the Band constrained
prediction Technique is 2 N-M. So this is best
technique for reducing the torque ripples here
based on space vector modulation technique. So
The torque ripples has to be reduced by using the
different techniques. Then the Induction motor will
run good .and efficiency has to be good.
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